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TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR GUARANTEEING SEAMLESS REPRODUCTION OF A 

PLURALITY OF DATA STREAMS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application Nos. 2003-19682, 
filed on March 28, 2003, and 2004-16101, filed on March 10, 2004, in the Korean Intellectual 
Property Office, and U. S. Provisional Application No. 60/458,412, filed on March 31 , 2003 
in the U.S. Patent and Trademark Office, the disclosures of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to reproduction of multimedia data, and more 
particularly, to a method and apparatus for guaranteeing seamless reproduction of a plurality 
of data streams. 

2. Description of the Related Art 

[0003] In general, multimedia data is compressed and encoded according to a moving 
picture experts group (MPEG) standard and then recorded on a storage medium. The 
compressed and encoded data is divided into predetermined-sized packets and recorded on 
the storage medium. Multimedia data, such as video and/or audio (AV) data, which is 
compressed, encoded, and divided into predetermined-sized packets, will be referred to 
herein as 'packet data'. Packet data may be recorded on a storage medium or transmitted 
via a satellite, a cable, or a local area network (LAN). A size of packet data is determined 
according to the moving picture experts group standard used. For instance, a size of packet 
data is detenmined to be 188 bytes long when using MPEG-2 transport streams according to 
an ISO/IEC 13818-1 standard, and determined to be 53 bytes long when using the 
asynchronous transfer mode (ATM) standard. 

[0004] FIG. 1 illustrates a basic format of packet data recorded to include arrival time 
stamps (ATSs), and a relationship between the ATSs and output time when the packet data 
is reproduced. 
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[0005] A recording apparatus adds ATSs (e.g., 100, 110, 130 and 150) to input packet 
data and records the packet data including the ATSs on a storage medium. The ATSs 
indicate when packet data is input to the recording apparatus. A reproducing apparatus 
reads the packet data including the ATSs from the storage medium and controls output time 
of the packet data based on the ATSs. 

[0006] In digital broadcasting, multimedia data is transmitted in a packet format at 
irregular intervals of time. The transmitted packet data is sent to a decoder via a buffer at a 
receiving side and decoded by the decoder so that a user can view a result of the digital 
broadcasting. 

[0007] Meanwhile, when recording packet data on a storage medium and reproducing the 
packet data from the storage medium at a desired point of time, the reproducing apparatus 
reads the packet data from the storage medium and outputs the packet data to the decoder. 
When outputting the packet data to the decoder, irregular intervals of time at which the 
original packet data was transmitted to the recording apparatus are significant. The irregular 
intervals of time were determined by a transmitting side so that intervals between packet 
data that are to be decoded are appropriate and do not cause overflow or underflow of the 
buffer at a receiving side. If the receiving side does not decode the packet data based on 
the irregular intervals of time, seamless reproduction of multiple data is not ensured due to 
overflow or underflow of the buffer at the receiving side. That is. seamless reproduction of 
multimedia stream data is not guaranteed. Therefore, a recording apparatus records input 
packet data together with respective ATSs and a reproducing apparatus controls 
reproduction of the packet data based on the recorded ATSs. 

[0008] FIG. 2 is a block diagram of a conventional recording/reproducing apparatus that 
records and/or reproduces the packet data of FIG. 1, Referring to FIG. 2, the recording 
apparatus includes a counter, an ATS generator, and a recording controller, and the 
reproducing apparatus includes a reproduction controller, a counter, and an ATS processor. 

[0009] The counters of the recording apparatus and the reproducing apparatus, operate 
in response to a system clock signal. For instance, according to the MPEG-2 standard, the 
counters basically use a 27 MHz clock signal since a system generates time stamps in 
response to the 27 MHz clock signal. Alternatively, system clock signals with different 
frequencies may be used. The ATS generator adds a respective ATS to each packet data 
input to the recording apparatus. The recording controller converts the packet data with the 
ATSs into a recordable signal and records the recordable signal on a storage medium. 
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[0010] The reproduction controller of the reproducing apparatus reads back the packet 
data with the ATSs from the storage medium and transmits the read data to the ATS 
processor. Next, the ATS processor outputs the packet data based on the ATSs added to 
the packet data. Each of the ATS generator and the ATS processor includes a buffer (not 
shown) that temporarily stores the packet data with the ATSs. Such a buffer may be 
installed outside each of the ATS generator and the ATS processor. 

[0011] A method of adding ATSs to packet data will now be described in detail. First, the 
ATS generator reads a counter value of the counter when the packet data is input to the 
recording apparatus and adds the read counter value to the related packet data. That is, the 
counter value read when the packet data is input to the recording apparatus is added as an 
ATS to the packet data. The packet data with the ATS is temporarily stored in the buffer 
installed in the ATS generator and recorded on the storage medium using the recording 
controller. As mentioned above, the buffer may be installed outside the ATS generator. 

[0012] The reproduction controller of the reproducing apparatus reads the packet data 
with the ATSs from the storage medium and transmits the read packet data to the ATS 
processor. The ATS processor, which includes a predetermined sized buffer therein, 
temporarily stops reading of the packet data when the buffer overflows and restarts reading 
of the packet data when the buffer is empty. Also, the ATS processor reads the packet data, 
which is first transmitted to the ATS processor buffer, and the ATS from the packet data, and 
outputs the packet data while resetting the counter with the ATS. The packet data output 
from the ATS processor is the original packet data that does not include the ATS. In 
connection with subsequent packet data, the ATS processor compares the respective ATSs 
of the subsequent packet data with the counter value and outputs only packet data whose 
ATS is equivalent to the counter value. As mentioned above, the buffer may be installed 
outside the ATS processor. 

[0013] Inclusion of ATSs into packet data allows reproduction of the packet data based on 
intervals of time at which the original packet data was transmitted to a transmitting side to a 
receiving side. Accordingly, seamless reproduction of a plurality of packet data of a data 
stream without causing overflow or underflow of the buffer is possible. 

[0014] A data stream, which contains packet data recorded to include ATSs as described 
with reference to FIGS. 1 and 2, is referred to as a Stream OBject (SOB). As described 
above, seamless reproduction of packet data contained in an SOB may be seamlessly 
reproduced, based on the ATSs included in the packet data. 
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[0015] However, seamlessly reproduction of a plurality of SOBs stored on a storage 
medium is difficult. An SOB is generated when a user starts and ends a write operation and 
another SOB is generated when the user starts and ends another write operation. In this 
case, a data stream refers to data recorded during which a write operation starts and ends. 
For instance, a drama or a movie may be recorded in a data stream format. Conventionally, 
continuous reproduction of packet data only in a data stream is required, and therefore, 
ATSs of a data stream are recorded independently with (or to be unrelated with) those of 
another data stream. However, when a user reproduces two data streams in series, a pause 
between reproductions of the two data streams is unavoidable since there are no particular 
regulations for continuous reproduction of two data streams. 

[0016] FIG. 3 illustrates reproduction of two SOBs SOB1 and SOB2 using the 
conventional recording/reproducing apparatus of FIG. 2. Referring to FIG. 3, ATSs of packet 
data of a first SOB SOB1 are recorded starting from 100 to 990, and ATSs of packet data of 
a second SOB SOB2 are recorded starting from 0. In other words, the ATS generator of 
FIG. 2 sets an ATS 100 of first incoming packet data of the first SOB SOB1 as an initial 
counter value of the counter of FIG. 2 when recording the first SOB SOB1, but resets the 
initial counter value as an ATS 0 of first incoming packet data of the second SOB SOB2 
when recording the second SOB SOB2, For continuous reproduction of two such SOBs 
whose ATSs are recorded to be independent of or unrelated with one another, the first SOB 
SOB1 is reproduced while comparing the corresponding ATSs with counter values. Next, 
after reproduction of the first SOB SOB1, the counter value is reset as 0 and reproduction of 
the second SOB SOB2 starts. However, there are no regulations regarding an interval of 
time between reproduction of the first and second SOBs SOB1 and SOS2. respectively, 
when using a conventional recording/reproducing apparatus such as that shown in FIG. 2. 
Accordingly, a pause is unavoidable when the counter is reset to the ATS 0 of the first 
incoming packet data of the second SOB SOB2. 

[0017] In other words, as shown in FIG. 3, when reproducing the two SOBs SOB1 and 
SOB2 whose ATSs are determined to be unrelated to one another, the conventional 
recording/reproducing apparatus of FIG. 2 resets an initial counter value to an ATS of the 
first incoming packet data of the second SOB SOB2 an undetermined interval of time after 
reproduction of the first SOB SOB1, and starts reproduction of the second SOB SOB2, thus 
causing a pause in the reproduction. As a result, seamless reproduction of the first and 
second SOBs SOB1 and SOB2 is not guaranteed. 
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SUMMARY OF THE INVENTION 

[0018] The present invention provides a method of and an apparatus for guaranteeing 
seamless reproduction of a plurality of data streams. 

[0019] According to an aspect of the present invention, there is provided a method of 
seamlessly reproducing a plurality of data streams that include packet data with arrival time 
stamps determined to be unrelated to each other, the method comprising generating control 
information for controlling output times of the plurality of data streams for seamless 
reproduction, and continuously reproducing the plurality of data streams based on the 
generated control information. 

[0020] The control information may specify a reference time value and one of a 
reproduction gap length value and an offset value. 

[0021] The reference time value may be obtained by adjusting an arrival time stamp of 
first packet data of a current data stream so that the current data stream is reproducible 
immediately after reproduction of a previous data stream without a pause. 

[0022] The reproduction gap value may be a time value indicating an interval of time 
between reproduction of last packet data of the previous data stream and the first packet 
data of the current data stream, and the reproduction gap value may be obtained by 
calculating the difference between the reference time value and an arrival time stamp value 
of last packet data of the previous data stream. 

[0023] The offset value may be added to the arrival time stamp value of each packet data 
of the current data stream so that the cunrent data stream is reproducible immediately after 
reproduction of the previous data stream without a pause. The offset value may be obtained 
by calculating a difference between the reference time value and the arrival time stamp 
value of the first packet data of the current data stream. 

[0024] According to another aspect of the present invention, there is provided an 
apparatus for seamlessly reproducing a plurality of data streams that include packet data 
with arrival time stamps determined to be unrelated to each other, the apparatus comprising 
a reproduction controller which reads the plurality of data streams from a storage medium, a 
counter which is driven in response to a system clock signal and reset based on the arrival 
time stamp of first packet data of each of the plurality of data streams read by the 
reproduction controller, an arrival time stamp processor which removes the arrival time 
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stamps from the packet data of the plurality of data streams and outputs only the packet 
data, and a controller which generates control information for controlling output time of the 
respective packet data for seamless reproduction of the plurality of data streams, and 
controls operation of the counter or the arrival time stamp processor based on the control 
information. 

[0025] The control information may specify a reference time value and one of a 
reproduction gap length value and an offset value. 

[0026] The controller may transmit a control signal indicating when the counter must be 
reset, to the counter for seamless reproduction of the plurality of data streams, the control 
signal being obtained by combining an arrival time stamp of last packet data of the previous 
data stream and the reproduction gap value. 

[0027] Also, the controller may change an arrival time stamp value of first packet data of 
the current data stream into the reference time value, change arrival time stamp values of 
the remaining packet data by adding the offset value to the arrival time stamp values, and 
provide the changed arrival time stamp values to the arrival time stamp processor. 

[0028] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and. in part, will be obvious from the description, or may be learned 
by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The above and/or other aspects and advantages of the present invention will 
become more apparent by describing in detail exemplary embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 is a conceptual view illustrating a basic format of packet data with ATSs, and a 
relationship between the ATSs and output time of the packet data; 

FIG. 2 is a block diagram of a conventional recording/reproducing apparatus that 
records and reproduces the packet data shown in FIG. 1; 

FIG. 3 illustrates reproduction of two Stream OBjects (SOBs) using the conventional 
recording/reproducing apparatus of FIG. 2; 

FIG. 4 is a block diagram of a reproducing apparatus capable of seamlessly 
reproducing a plurality of SOBs, according to an embodiment of the present invention; 
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FIGS. 5A through 5D illustrate a process of precisely calculating a reference time 
value for seamless reproduction of a plurality of SOBs encoded according to an MPEG 
standard, according to an embodiment of the present invention; 

FIG. 6 is a timing chart illustrating a method of calculating the reference time value 
illustrated in FIGS. 5A through 5D, using equations; 

FIG. 7 illustrates a method of calculating a reproduction gap value for resetting a 
counter and an offset value for adjusting data output time, using the reference time 
illustrated by FIG. 6, according to an embodiment of the present invention; 

FIG. 8 is a flowchart illustrating a method of seamlessly reproducing a plurality of 
stream objects with resetting a counter, according to an embodiment of the present 
invention; and 

FIG. 9 is a flowchart illustrating a method of seamlessly reproducing a plurality of 
stream objects without resetting a counter, according to another embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0030] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below to 
explain the present invention by referring to the figures. 

[0031] FIG. 4 is a block diagram of a reproducing apparatus for seamlessly reproducing a 
plurality of SOBs, according to an embodiment of the present invention. The reproducing 
apparatus of FIG. 4 comprises a reproduction controller 410, a controller 420, a counter 430, 
and an arrival time stamp (ATS) processor 440. 

[0032] The reproduction controller 410 sequentially reads a plurality of SOBs from a 
storage medium 400. For reproduction of a first SOB SOS7, the ATS processor 440 resets 
the counter 430 based on an ATS of first incoming packet data and at the same time, 
outputs the first incoming packet data to a decoder (not shown). Next, the ATS processor 
440 compares ATSs of subsequent packet data with counter values of the counter and 
outputs only packet data whose ATSs are equivalent to the counter values. 

[0033] After outputting all packet data of the first SOB SOB7, the controller 420 calculates 
a time when first packet data of a second SOB SOS2 is to be output and when the counter 
430 must be reset, and provides results of the calculating to the ATS processor 440 and the 
counter 430, respectively. Equations used to calculate the instants of time are described 
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below. In other words, for seamless reproduction of a plurality of SOBs, the controller 420 
either adjusts ATSs of the second SOB SOS2 and informs the ATS processor 440 of the 
adjusted ATSs, or determines when the counter 430 must be reset and transmits a control 

signal indicating a result of the determination to the counter 430. 

/- 

[0034] The counter 430 operates in response to a system clock and is reset according to 
an ATS of a first incoming packet data of an SOB read by the reproduction controller 410. In 
particular, for continuous reproduction of a plurality of SOBs, the counter 430 is reset in 
response to the control signal that is input from the controller 420 and instructs when the 
counter 430 must be reset. As described above, there are no regulations regarding an 
interval of time between reproduction of two SOBs whose ATSs are determined to be 
unrelated to each other, when using a conventional reproducing apparatus such as that 
shown in FIG. 2. Therefore, a pause in reproduction of the two SOBs is unavoidable. To 
solve this and/or other problems, the reproducing apparatus of FIG. 4 reproduces a current 
SOB after reproduction of a previous SOB, in response to the control signal input from the 
controller 420 that instructs when the counter 430 must be reset, thereby guaranteeing 
seamless reproduction. 

[0035] For seamless reproduction, the ATS processor 440 receives the adjusted ATSs 
from the controller 420 and controls output times of packet data of a subsequent SOB based 
on the adjusted ATSs. Otherwise, the ATS processor 440 resets the counter 430 in 
response to the control signal instructing when the counter 430 must be reset from the 
controller 420. and controls output times of packet data of a subsequent SOB. 

[0036] According to the present invention, one of the following methods (1) and (2) is 
used to seamlessly reproduce a plurality of SOBs. 

[0037] In the method (1), the counter 430 is reset in response to a control signal input 
from the controller 420 that instructs when the counter 430 must be reset, and then, a 
current SOB is reproduced after reproduction of a previous SOB by controlling output time of 
packet data of the current SOB. 

[0038] In the method (2), a current SOB is reproduced after reproduction of a previous 
SOB by controlling output time of packet data of the current SOB based on adjusted ATSs of 
the packet data input from the controller 420, without resetting the counter 430. 

[0039] The above methods will now be described in greater detail. 
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[0040] FIG. 5 is a reference diagram illustrating a method of calculating a reference time 
value for guaranteeing seamless reproduction of a plurality of SOBs encoded according to 
the MPEG standards. FIG. 5A illustrates two SOBs SOB1 and SOB2 that are to be 
reproduced. Packet data of the first SOB SOB1 are given ATSs numbered starting from 100 
to 990, and packet data of the second SOB SOB2 are given ATSs numbered starting from 
1 0 regardless of the ATSs of the packet data of the first SOB SOB1. Therefore, for 
seamless reproduction of the SOBs SOB1 and SOB2, an interval of time between 
reproduction of last packet data of the first SOB SOB1 with the ATS 990 and first packet 
data of the second SOB SOB2 with the ATS 10, must be predetermined. 

[0041] ATSs of packet data shown in FIG. 5B are based on a clock value of an arrival 
time clock (ATC) used to generate the ATS. The ATS processor 440 of FIG. 4 removes 
ATSs from the packet data and outputs only the packet data to a decoder. 

[0042] FIG. 5B Illustrates output time of the packet data using ATC-based time values. 

[0043] A receiving side must decode packet data in synchronization with a system clock 
that a transmitting side uses to encode the packet data. Program clock reference (PGR) 
values shown in FIG. 50 use system time clock (STC)-based time values. After the 
receiving side receives packet data, an STC of a reproducing apparatus at the receiving side 
is set based on PGR values contained in a SOB, thereby synchronizing system clocks of the 
transmitting side and the receiving side. 

[0044] In the reproducing apparatus at the receiving side, when packet data is received, 
corresponding ATS values of an SOB correspond to PGR values at predetermined intervals 
Sof time. Referring to FIGS. 5B and 5C, ATS values of the first SOB SOB1 correspond to 
PGR values at a predetermined interval Si of time, and ATS values of the second SOB SOB2 
correspond to PGR values at a predetermined interval S2 of time. 

[0045] FIG. 5D illustrates presentation time stamps (PTSs) of data encoded according to 
an MPEG-transport stream (MPEG-TS) standard. For instance, the PTS indicates an 
amount of time required to present an image on a screen. In general, an image comprises a 
plurality of packet data and the plurality of packet data are referred to as a packetized 
elementary stream (PES). A PTS is contained in a start of the PES. In general, a PTS of 
packet data is determined to be larger than a PGR value of the packet data. 

[0046] Seamless reproduction of two SOBs will now be defined. Refemng to FIG. 5D, for 
reproduction of MPEG video data, a first image P2 of the second SOB SOB2 must be 
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presented immediately after a last image P1 of the first SOB SOB1 without a pause. In other 
words, the image P2 must be reproduced immediately after the reproduced image Pt, that 
is, the PTS of the image P2 must be changed to the PTS of an image P2A, A PTS of the 
image P2A is computed by combining a PTS 3995 of the image P1 with a frame duration 
value of 110 of the Image P1. In this case, the PTS of the image P2A is 4105. 

[0047] It is assumed that the difference value between the PTS value and PGR value of 
the image P2 is A. Refenring to FIGS. 5C and 5D, the difference value A between a PTS 
value of 2105 of the image P2 and a PGR value of 2000 of first packet data of the second 
SOB SOB2 is 105. In consideration of a decoding time, in order to make the image P2 be 
presented immediately after the image P1, a PGR value of the image P2A must be smaller 
than the PTS of the image P2A by the difference value A. That is, a new PGR value of the 
image P2A is computed by subtracting the difference value A of 105 from the PTS value of 
4105 of the image P2A. In this case, the new PGR value of the image P2A is 4000. 

[0048] Referring to FIGS. 5B and 5G, difference values between the con-esponding PGR 
values and ATSs of the first SOB SOB1 are S1, i.e., 3000. Accordingly, when subtracting the 
difference value SI from the PGR value of 4000 of the image P2A, an ATS of the image P2A 
is 1000. The ATS 1000 of the image P2A denotes a time value indicating when first packet 
data of the second SOB SOB2 must be reproduced after reproduction of last packet data of 
the first SOB SOB1, In this disclosure, the ATS of the image P2A will be referred to as a 
reference time value. 

[0049] FIG. 6 is a timing chart illustrating a method of calculating the reference time value 
illustrated by FIG. 5, using equations. Referring to FIG. 6, L_STC1 denotes a time axis 
along a line connecting the STCs of the first SOB SOB1, and L_STC2 denotes a time axis 
along a line connecting the STCs of the second SOB SOB2. For seamless reproduction of 
the two SOBs SOB1 and SOB2, the time axis L_STC2 is converted into a time axis L_STC1 
extended from the time axis SrC7 by compensating for the difference STCjdelta between 
the time axes L_STC1 and L_STC2. According to the new generation optical disc 
technology "Blu-ray Disc (part 3)", this conversion may be expressed by the following: 

L_STC2 = L_STC\- STCjdelta ...(1), 

wherein L_STC1 denotes a long STC obtained from the STCs of the first SOB SOB1, 
L_STC2 denotes a long STC obtained from the STCs of the second SOB SOB2, and 
STCjdelta denotes the difference between the STCs L_STC1 and L_STC2. 
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[0050] As explained with reference to FIGS. 5A-5D, the difference value 5 between 
corresponding ATSs and PGR values of an SOB is caused by the difference between 
generations of an ATG clock and an STG clock. The difference value 6 is referred to as 
ATC_STC_delta. It is assumed that the difference between an STG STC1 and an ATG 
ATC1 of the first SOB SOB1 is ATC_STCjdielta1 (5i) and the difference between a STG 
STC2 and an ATG ATC2 of the second SOB SOB2 is ATC_STC_delta2 (82). In this case, 
the long STG L_STC1 and the long STG L_STC2 may be expressed as 
ATCUATC_STC_delta1 and ATC2'*'ATC_STC_delta2, respectively. 

[0051] Therefore, Equation (1) may be expressed as follows: 

ATC2 + ATC_STC_delta2^L_ATC\-\-ATC_STC_delta\-STC_delta ... (2). 

[0052] Referring to FIG. 6, for seamless reproduction of the two SOBs SOB1 and SOB2, 
a reference time value is determined by an ATG L_ATC2 obtained from ATGs of the second 
SOB SOB2 in a long ATG L_ATC1 of the first packet data of the second SOB SOB2. The 
reference time value is illustrated by T2 in FIG. 6 and can be expressed as T2_L_ATC1. 
Based on Equation (2), the reference time value T2_L_ATC1 is calculated by the following: 

T2 _ ATC2 + ATC_ STC _ delta2 =^T2_L_ATCl-h ATC _ STC _ deltal - STC _ delta .gv 
T2_L_ATC\ = T2_ATC2-^ATC_STC_delta2-^STC_delta-ATC_STC_delta\ 

[0053] FIG. 7 illustrates a method of calculating a reproduction gap value for resetting a 
counter and an offset value for adjusting data output time, using the reference time 
T2_L_ATC1 described with reference to FIG. 6, according to an embodiment of the present 
invention. Referring to FIGS. 4 and 7, the reproduction gap value gap length denotes a 
period of pause in reproduction of two SOBs SOB1 and SOB2, i.e.. the difference between 
the reference time T2_L_ATC1 and the ATS of the last packet data of the first SOB SOB1. 
The reproduction gap value gap length is used in the method (1) described with reference to 
FIG. 4, i.e., when the controller 420 resets the counter 430. Referring to FIG. 7, the counter 
430 is reset to the ATS of first packet data of the second SOB SOB2 and reproduction of the 
second SOB SOB2 starts, after time corresponding to the reproduction gap value gap length 
has lapse starting from time corresponding to the ATS of the last packet data of the first SOB 
SOB1. Accordingly, a time when the counter 430 must be reset may be determined using 
the reproduction gap value gap length, thereby ensuring seamless reproduction of a plurality 
of SOBs. 
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[0054] In FIG. 7, an offset value offset denotes a difference value between the reference 
time T2_L_ATC1 and the ATS of the first packet data of the second SOB SOB2. The offset 
value offset is used in the method (2) described with reference to FIG. 4, i.e., when the 
second SOB SOB2 is reproduced after reproduction of the first SOB SOB1 without resetting 
the counter 430. In the method (2), new ATSs of the second SOB SOB2 are obtained by 
adding the offset value offset to the original ATSs and reproduction of the second SOB 
SOB2 begins based on the new ATSs without resetting the counter 430. Accordingly, an 
effect of reproducing the first and second SOBs SOB1 and SOB2 in response to the same 
ATC may be drawn, thereby guaranteeing seamless reproduction. 

[0055] The methods (1) and (2) will now be described with reference to FIGS. 8 and 9. 

[0056] FIG. 8 is a flowchart illustrating the method (1) described with reference to FIG. 4, 
that is, a method of controlling output time of a second SOB SOB2 so that the second SOB 
SOB2 is reproduced immediately after reproduction of a first SOB SOB1 with resetting a 
counter, according to an embodiment of the present invention. Referring to FIG. 8, for 
seamless reproduction, the first and second SOBs SOB1 and SOB2, which include packet 
data with ATSs, are read from a storage medium, the ATSs of the packet data of the first 
SOB SOB1 being determined to be unrelated to those of the packet data of the second SOB 
SOB2 ( operation 810). Next, a reference time value used to adjust the ATS of first packet 
data of the second SOB SOB2 is calculated to a new ATS so that the second SOB SOB2 is 
reproducible immediately after reproduction of the first SOB SOB1 without a pause ( 
operation 820). Next, the counter is reset using a reproduction gap value that is a difference 
value between the calculated reference time value and an ATS of last packet data of the first 
SOB SOB1 ( operation 830). Thereafter, reproduction of the second SOB SOB2 starts with 
a reset counter value ( operation 840). 

[0057] FIG. 9 is a flowchart illustrating the method (2) described with reference to FIG. 4, 
that is, a method of controlling output time of a second SOB SOB2 without resetting a 
counter so that the second SOB may be reproduced immediately after reproduction of a first 
SOB SOB1, according to an embodiment of the present invention. Referring to FIG. 9, 
operations 910 and 920 are the same as operations 810 and 820 of FIG. 8, and therefore, a 
description thereof will be omitted. After operation 920, ATSs of packet data of the second 
SOB SOB2 are adjusted using an offset value between a calculated reference time value 
and an ATS of first packet data of the second SOB SOB2 ( operation 930). Next, 
reproduction of the second SOB SOB2 starts based on the adjusted ATSs ( operation 940). 
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[0058] According to the present invention, a plurality of SOBs may be seamlessly 
reproduced using the method (1) of FIG. 8 or the method (2) of FIG. 9. Alternatively, a 
combination of the method (1) of FIG. 8 and the method (2) of FIG. 9 may be used to 
seamlessly reproduce the plurality of SOBs. 

[0059] The present invention may be embodied as computer readable code on a 
computer readable medium. The computer readable medium is any data storage device that 
can store data that can thereafter be read by a computer system. Examples of the computer 
readable medium include read-only memory, random-access memory, CD-ROMs, magnetic 
tape, floppy discs, and optical data storage devices. The computer readable medium may 
be a carrier wave that transmits data via the Internet. The computer readable medium may 
also be distributed over a network coupled computer system so that the computer readable 
code is stored and executed in a distributed fashion. 

[0060] As described above, according to the present invention, a plurality of SOBs, ATSs 
of packet data of which are determined to be unrelated to each another, may be seamlessly 
reproduced by adjusting the ATSs of packet data of subsequent SOBs using a reference 
time value. 

[0061] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in 
this embodiment without departing from the principles and spirit of the invention, the scope 
of which is defined in the claims and their equivalents. 
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